Abstract-In this work we investigate the catastrophic optical damage (COD) of GaAS based quantum well (QW) laser diodes under the optics of the role played by the physical properties of the materials forming the active parts of the lasers in the degradation process, taking account of their nanoscale dimensionality. High power laser diodes under operation can experience local heating phenomena that lead to device failure. A thermo-mechanical model has been set up to study the mechanism of degradation. The incidence of the local heating in the degradation is tightly related to the physical properties of the active region of the laser. In particular, the thermal conductivity, the optical absorption, the thermal expansion coefficients, and the mechanical strength, play a crucial role in the degradation process. Furthermore, the low dimensionality of the layers has a strong influence on those properties.
I. INTRODUCTION
The catastrophic optical damage (COD) is the sudden drop of the optical power output after hours of regular operation. The increasing demand for optical power is limited by the COD [1] . It is well known that the threshold for COD has been pushed up by the improvement of the epitaxial growth, mirror passivation, laser structure and packaging. This degradation process is usually described as a thermal runaway process, in which the optical feedback leads the active zone of the laser to melt [2, 3] . The post mortem analysis of the lasers reveals the existence of dark line defects (DLDs) along the laser cavity [4] . Fig.1 shows a cathodoluminescence (CL) image of the DLD in both the QW and the n-type guide layer of 980 nm single mode laser diode. These DLDs can be detected at the front mirror facet, but as the passivation and facet structures were improved the DLDs appear inside the laser cavity far from the facets. The dark line defects (DLDs) are aligned along the laser cavity, suggesting that they follow the optical field, instead of being related to a specific crystallographic direction. The propagation of the DLDs along the cavity is guided by the laser radiation, which is absorbed in tiny regions of the QW where the transparency was lost. The absorption of light at this tiny spot produces a local heat source, giving local temperature gradients, which are governed by the energy absorbed and the heat dissipation rate, which is dominated by the thermal conductivity [5, 6] . This is a crucial magnitude, as the low dimensionality of the QW and the presence of interfaces substantially reduce the usually considered bulk thermal conductivity figures. The result of the local heat accumulation is a locally inhomogeneous temperature distribution, Fig.2 . This non-uniform temperature produces thermal stresses because of the different thermal expansions of the laser materials [7] . Therefore, the impact of the optical (optical absorption), thermal (thermal conductivity), and mechanical (yield strength) properties of the materials forming the laser structure on the COD has to be studied.
II. DISCUSSION
The laser is multilayer structure formed by layers of different composition and thickness, which influence the values of the above mentioned properties, and, therefore, the behaviour of the laser diode towards the degradation. As mentioned above, the local temperature increase is responsible for the local laser absorption, and the subsequent positive energy feedback. The thermal conductivity is tightly related to the laser structure, since it depends on the thickness and composition of the layers, and the quality of the interfaces. In particular, the thermal conductivity is dramatically reduced in the QW. The thermal stresses built-up by the temperature gradients are also dependent on the laser structure. One should consider the possibility that the thermal stresses might produce the onset of plasticity, thus launching the COD process [7] . Here again, one should consider that the mechanical strength cannot be associated with the bulk figures but one has to consider the low thickness of the QW and the guide layers, as well as the interfaces. The mechanical strength of a multilayer structure is severely affected by those factors [8] . It is well known that strained QWs present a higher resilience than lattice matched QW lasers, [9] . The relation between QW temperature, stress and mechanical strength is summarized in Fig.3 . Finally, the evolution of the laser structure, associated with the formation of defects, during the laser operation produces changes in the materials. Therefore, their properties evolve as well. In particular, the thermal conductivity decreases with the presence of defects [9] , and one can claim it as the factor producing the thermal runaway associated with the COD [11] . All these aspects were studied on the bases of a thermomechanical model for the COD of high power laser diodes based on GaAs related compounds [7, 11] . A discussion about all these aspects can be found in [1, 7, 11] . In particular, the role of the QW and the guide layers in the degradation of the laser. This is crucially related to the above mentioned thermomechanical aspects, and to the laser absorbing media. The laser structure, in particular lasers with strained QWs, and multi quantum wells (MQW) has also to be considered [12] .
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